Purpose. The aim was to assess the performance of both cetylpyridinium chloride (CPC) and OMNIgene.SPUTUM (OMNI) reagents for the maintenance of Mycobacterium tuberculosis viability in sputum prior to recovery by culture.
INTRODUCTION
Among the available tests, culture is the reference method for both laboratory confirmation and follow-up of tuberculosis (TB). Although it is rarely performed for this purpose for all presumptive TB cases in developing countries, culture is still the test of choice for follow-up of drug-resistant TB treatment, even in low-resource and TB-endemic countries. It is also a prerequisite for phenotypic drug susceptibility testing to first-and second-line anti-TB drugs [1] .
However, culture requires expensive and sophisticated infrastructure and highly qualified personnel; thus in lowresource countries, only few laboratories are able to perform this test [2] . A sample referral system from TB clinics to the culture laboratory is therefore essential in most TB-endemic countries. Depending on the size of the country, and geographical and logistical constraints, samples can take several weeks to reach the culture laboratory. Such a delay can lead to an increased likelihood of overgrowth of other organisms and false negative results [3] [4] [5] .
For long-term storage of sputum samples prior to culture, cetylpyridinium chloride (CPC) has been widely used, with good results, but CPC-stored samples may require an additional decontamination step before inoculation to reach acceptably low culture contamination rates [6] [7] [8] . CPC is also used to ship cultured isolates, to lower the risk of contamination. Recently, a new storage reagent has been developed by DNA Genotek (Ottawa, Canada): OMNIgene . SPUTUM (OMNI) [9] . OMNI is a non-toxic and highly stable reagent that liquefies and decontaminates sputum samples at the point-of-collection or in the laboratory. Like CPC, this reagent allows for specimen storage at room temperature, but has the advantage that no further decontamination is necessary, thus simplifying its use and enhancing its suitability for laboratories in developing countries. Furthermore, OMNI is said to preserve samples for up to 8 days before culture, but few data are available on samples preserved for more than 8 days [10] [11] [12] .
In this study, we aimed to evaluate our ability to recover Mycobacterium spp. by culture on Löwenstein-Jensen (LJ) medium after sputum storage in CPC or OMNI for up to 28 days, compared to our ability to recover it by culture of fresh sputum. In addition, the viability of Mycobacterium tuberculosis isolates stored in CPC or OMNI was assessed using the H37Rv reference strain.
METHODS

Sample collection
Sputa were collected from new microscopy-positive TB cases attending the National Hospital for Tuberculosis and Pulmonary Diseases in Cotonou, Benin, from June to October 2016. For each patient, three sputa were collected in 2 days: first spot -early morning -second spot. After microscopic examination of the sputa, an equal volume of CPC or OMNI was added to one of the three samples (approximately 4 ml). Mixtures of a sample with 1 % CPC-2 % NaCl (S-CPC) or with OMNI (S-OMNI) were stored for 8 or 28 days at room temperature, which was recorded daily. The third sample was not stored but decontaminated directly within 24 h of collection (fresh sputum). In order to ensure a homogeneous distribution of sputa between different methods, the same type of sputum (first spot, early morning or second spot) was used for a given method for 2 weeks before changing to another method. Then, every 2 weeks, the type of sputum for a given method (sequence for assignment) changed, and so on, until the sample size was reached ( Table 1) .
Processing of fresh sputa
Fresh sputa were decontaminated within 24 h of collection with the Petroff method as previously described [8] . Briefly, samples were added to an equal volume of 4 % NaOH, vortexed and then mixed by shaking at room temperature for 15 min, followed by neutralization with 1 N HCl and centrifugation at 3000 g for 20 min at 4 C.
Processing of S-CPC After 8 days of storage, samples in CPC were vortexed and split into two equal parts: one part was processed at day 8 (CPC-8) and the second was stored again until day 28 before processing (CPC-28). For the processing of S-CPC, the mixture was centrifuged at 3000 g for 20 min without refrigeration, the supernatant (CPC) was discarded and the pellet was suspended in a volume of phosphate-buffered saline equal to the processed sputum volume. The resulting suspension was processed in the same way as described above for fresh sputa, but with only 5 min instead of 15 min NaOH incubation and without refrigeration of the centrifuge [8] .
Processing of S-OMNI After 8 days of storage, samples in OMNI were vortexed and split into two equal parts: one part was processed at day 8 (OMNI-8) and the second part was stored again until day 28 and processed (OMNI-28). For the processing of S-OMNI, the mixture was centrifuged at 3000 g for 20 min at 4 C [10] .
Culture of decontaminated samples
After centrifugation, the pellets were dissolved in 2 ml phosphate-buffered saline for fresh sputa or 1 ml for S-CPC or S-OMNI to prevent over-dilution of OMNI or CPC specimens compared to fresh sputa, as S-CPC and S-OMNI were each split into two. Each suspension was inoculated onto three LJ tubes (two tubes supplemented with 0.75 % glycerol and one with 0.5 % pyruvate). The media were incubated at 37 C and read weekly for 56 days. The results from positive cultures were graded as previously described, from scanty to 3+ [6] .
The processing of the sputum specimens is summarized in Fig. 1 . Transport/decontamination method for strains At the Institute of Tropical Medicine (ITM), Antwerp, Belgium, M. tuberculosis H37Rv bacterial suspensions were prepared in triplicate from freshly grown bacteria on LJ medium at a concentration of McFarland #1 in sterile distilled water. Each suspension was divided into three parts, and equal volumes of OMNI, CPC or sterile distilled water were added and split into two aliquots each after careful mixing. The first aliquot was stored at room temperature and the second was stored at 37 C. From each aliquot, 2.5 ml was processed on day 0, day 8, day 28 and day 56. The OMNI samples were centrifuged for 20 min at 3500 g before the pellets were resuspended in 800 µl phosphatebuffered saline and inoculated on LJ medium and in supplemented mycobacterial growth indicator tubes (MGITs; MGIT 960, Becton Dickinson, USA) for further incubation at 37 C (standard incubator or MGIT 960, respectively). The reading of LJ media was performed weekly for 56 days (Fig. 2 ).
Data analysis
Contamination as well as positivity rates for processed sputa were calculated for each method. Chi-square and Fisher exact tests were used to compare proportions, with a Pvalue <0.05 being considered significant.
RESULTS
During the study period in Cotonou, the recorded room temperature ranged from 25.5 to 29. 4 C, with a mean of 27.8 C. In total, 312 sputa were collected from 104 patients. These samples were equally distributed among the methods with respect to the sputum sampling type (P=0.999) and the bacterial load (P=0.425), as shown in Tables S1 and S2 (available in the online version of this article).
With respect to culture contamination, there was no statistical difference between freshly processed samples and those stored in CPC (8 or 28 days), whereas the contamination rate for OMNI was statistically lower than that for fresh sputa (P=0.026 for 8 days and P=0.002 for 28 days of storage) ( Table 2 ).
The culture positivity for fresh sputa reached 81.7 %, which is a similar figure to that for samples stored in CPC, regardless of the storage time (89.8 % for CPC-8 and 73.0 % for CPC-28). Direct comparison between 8 days and 28 days of storage showed a significant decrease for CPC-28 (P=0.002). For OMNI, the culture positivity was similar after 8 days of storage (84.2 %), but decreased significantly after 28 days (42.7 %; P<0.0001 compared to fresh sputa, CPC-8, CPC-28 and OMNI-8). (Table 3) .
With respect to the number of colonies observed on LJ tubes, we found that culture on fresh sputa yielded more highly positive cultures (++/+++) (65.8 %) than those obtained with CPC 8 (47.7 %), CPC 28 (26.0 %), OMNI 8 (43.5 %) and OMNI 28 (6.8 %). Furthermore, the proportion of highly positive cultures with CPC 8 was similar to that with OMNI 8, but there were fewer colonies for CPC 28 and OMNI 28. At day 28, the CPC-treated sputa grew significantly more 'highly positive' than OMNI-treated sputa (Table 4) .
Assessment of the direct effects of storage conditions on M. tuberculosis H37Rv strain in suspension revealed a significant loss of viability for cases of storage in OMNI at room temperature beyond 8 days, compared to baseline growth without storage, and also compared to storage in CPC at room temperature, and this was the case both in MGIT and on LJ medium (Figs 3-5 ). Storage at 37 C affected both CPC-and OMNI-stored suspensions, with an absence of growth beyond 8 days for both culture systems. Table 1 .
Affolabi
CPC suspensions stored at room temperature still yielded growth after 28 and 56 days of storage, albeit with reduced positivity, as expressed by lower mean number of colonies on LJ, and both lower mean growth units and higher time to positivity in MGIT (Figs 3-5 ).
DISCUSSION
In this study, OMNI performed as well as CPC at day 8 of sputum storage relative to freshly processed samples, both in terms of culture contamination and positivity rates, which matches with previous findings [10, 11] . In these previous studies, NALC-NaOH decontamination was used as the comparative method rather than the Petroff method (NaOH) used in the present study, and one of the previous studies included culture in MGIT, with similar results, showing that OMNI was suitable for preserving sputa up to 8 days [11] .
Recently, Tagliani et al. compared culture of fresh sputa in MGIT with MGIT culture of sputa stored in OMNI from 4 to 22 days [12] . The study showed a significant delay in time to culture positivity for samples stored for more than 2 weeks in OMNI. In addition, excluding culture-contaminated samples, nine were positive by culture from fresh sputa but negative after storage in OMNI, while only one was positive after storage in OMNI but negative with fresh sputa, suggesting that culture recovery after long-term storage in OMNI may not be optimal for MGIT culture either. Like Tagliani et al., we assessed the performance of OMNI beyond 8 days of storage, exceeding the Fig. 4 . Mean time to detection in MGIT960 for H37Rv bacterial suspensions stored in OMNI, CPC or sterile distilled water prior to inoculation. RT, room temperature; SDW, sterile distilled water; CPC, cetylpyridinium chloride; OMNI, OMNIgene . SPUTUM; 37, 37 C. manufacturer's recommendations [10] , as sputum shipments regularly exceed 8 days in settings where access to mycobacterial laboratories is limited. Our study found that OMNI is unsuitable for sputum storage for 28 days, as culture sensitivity declined to under 50 %, unlike storage in CPC (Fig. 3) .
Many low-resource and TB-endemic countries face important geographical and logistical constraints that lead to prolonged delays from sample collection to culture, even up to several weeks or months, as mentioned by Abeygunawardena et al. in Sri Lanka [3] , Das et al. in India [4] and Narasimooloo et al. in South Africa [5] . In those conditions, OMNI will not be helpful for culture-based diagnostics, unlike CPC, which retained culture sensitivity for around 73/104 (70.2 %) of microscopy-positive sputa at 28 days, compared to 44/104 (42.3 %) sputa for OMNI.
CPC has been used extensively for long-term storage of sputa prior to culture on solid media, with relatively good results [3] [4] [5] . Nevertheless, its misuse in operational conditions can lead to a decrease in its performance, since CPC crystallizes at 4 C. Hence, neither the solution itself, nor CPC specimens, should be stored in a refrigerator, and a refrigerated centrifuge should be avoided for CPC-preserved specimens [8] . In addition, CPC has shipping restrictions, and its use involves additional costs and decontamination effort measures. Finally, previous studies reported the interference of CPC with MGIT media, making CPC-stored samples unsuitable for culture in MGIT, although our findings on stored isolates suggest that MGIT culture after CPC storage yielded stronger growth than after OMNI storage [10] .
The main advantage of OMNI compared to CPC is that OMNI does not require an additional decontamination step prior to culture. Thus, it can be used easily in less experienced laboratories. This step is indeed critical and, if not well controlled, it can lead to both false negative culture results and increased contamination rates. In contrast, a mild decontamination is recommended in cases of long-term CPC storage [13] . In our study, decontamination with 4 % NaOH for 5 min gave relatively good results for CPC-preserved samples, albeit with a decreased positivity rate for CPC-28.
The number of observed colonies in primary culture was significantly higher for fresh sputa compared to those stored in CPC or OMNI, indicating a loss of viability for any delay in specimen processing, especially in microscopy-scanty positive specimens (data in Tables S3-S5 ). This observation is supported by our experiment on H37Rv bacterial suspensions, with decreased growth units and observed colonies in MGIT and on LJ, respectively, in addition to increased time to positivity.
In addition to primary isolation for the diagnosis of TB, culture is also recommended in TB-endemic countries for the follow-up of patients treated for multidrug-resistant TB strains, in order to detect treatment failure. Delay in processing cultures will cause delays in diagnosing treatment failure and thus promote the spread of resistant strains within the community. Therefore, efforts should be made by the national tuberculosis programmes in low-resource and TB-endemic countries to reduce the time from collection to culture as much as possible by setting up an affordable, reliable, sustainable and rapid sample referral system, despite the geographical and logistical constraints in these countries.
This study was performed in a laboratory where air conditioning was functional, and the room temperature recorded during the study period ranged from 25.5 to 29.4 C. The performance of both OMNI and CPC on sputum preservation in settings with higher temperatures might differ from what was found in this study, as suggested by our findings on the preservation of bacterial colonies. Furthermore, the laboratory is a reference laboratory and the recommendations from the manufacturer on sample processing are strictly followed. In an operational context, with less qualified personnel, the execution of procedures and the resulting performance of storage reagents may be different. The mycobacteria isolated during this study were not identified; thus we were not able to assess the performance of the storage reagents with respect to different mycobacteria species.
In conclusion, culture from sputum stored for 8 days in OMNI or CPC gave comparable culture positivity rates to culture from fresh sputum. Storage beyond 8 days decreased the performance of OMNI significantly, while CPC showed a smaller decrease in sensitivity at 28 days of storage. Conflicts of interest DNA Genotek kindly provided part of the OMNIgene SPUTUM reagents used in this study but had no role in the design, execution, or analysis of data of the study.
